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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a down -sized digital/analog 
converter and a liquid crystal driver using it that can suppress a 
rapid increase in number of circuit components and the manufacture 
cost even when the number of voltages required for multi -gradation 
of display increases. 

SOLUTION: The digital/analog converter 10 that converts an N-bIt 
digital signal into 2N sets of analog signals is provided with a 
reference voltage generating circuit 18 that generates a reference 
voltage in 2A+1 sets of voltage levels, a reference voltage selection 
circuit 16a that selects two reference voltages whose voltage levels 
are adjacent to each other according to A -bits of the digital signal, 
a generating voltage selection circuit 16b that selects one 
interpolation voltage according to (N -A) -bits of the digital signal 
from preset 2N-A-1 sets of interpolation voltages between the two 
reference voltage levels, and a voltage follower circuit 17 that 
generates the interpolation voltage on the basis of the two 
reference voltages through linear interpolation. 
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(54) DASi|g§*3j;Dt^n^fflVifc^aKt!)S« 



(57) 

[gSS] DA^^^iDj;DC^n*ffll.ifc?S^K»)S« 
dilfATfe, leIll&1ifi!t^^!Bcoliat;5:ii»P*iqi;^, iSifi 

m#*2'' jiO<^T±D^«^tC^ife-r-5DA^mi§T- 
S«2p«JEil*?ll8& 1 6 a, ±ffi2oro»ip«JE«)^JE 




( 2 ) 

.1 

^;i/*^trct 5 \zmm-^mmm.mmsi^WLii. 

)V(Dnm^. ±l52ocDaJp«BE{rar:?ViTJifaffl:'3m 

2* + 1 (A=l. 2, •••) jl»3CO«ffil/'^;l'T?5!^f 

±t^y=z^^)lm^t)'i. ±i5 2 0CD*2p«ffiSr_hfH»^P« 20 

2 OWa^affifCSoX SgJ^ffiWJCi -r^ T^fiKt- -2. CD 
■e^6^ r <h t-r-&ffi*JS 2 C|E«® D A^Jfeig. 

^'^>'P^±fB^fiK«j£«*?^Stc^*LT}t^-rSB (B 
= 2. 3, •••) tf>y hO^^mSiRf y 
±ie«JE*fi!c^©75^ ±IS2o©«ip«JE<D-;^(cML 30 
X2' (C=l, 2, -, B-1) (Dm?^{ii1r^no 

m^m-t^m^m^Ti,^^:: t ^mmt-r^m^JM a iz 

EftWDAfg^gg. 

4 {Cfa«(DD A^«IS. 

<kt-'5iS*« 1 e. 5 W^Bin*^ 1 :«(Cfla«<^>D A^il 
[«^«7] »dJ3Sl*^^>6COfBrtl*^lJS{CiE««DA 

[0 0 0 1] 

[0 0 0 2] 50 
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. 2 ' 

m^(Dmm] da (x>;^;^-T:^p^y) 

5{C7S:-:>TVi-5. C:©J:3/.CD A^gi^i LT. MOS 

[0 0 0 3] 01 o43j;t>'0i HZ. ^mco^ot^mm 

y=-^^T-ra^ms.\zm^i^xmiTr^DA^m9& 1 

0 0 (DMo)wmt£mfjS(^^-ro 

[0 0 0 4] dWDA^Jft^l 0 0«. DA^t^m^X 
SS@I*?[HIE&1 0 6 (*5!igJr#SDA^^Sgl 0 (0 

9) (DMnm^i Steffi^) . mf}m^x$>^-^}i7'- 

i^y:i-OTm¥&l 0 7. (0 9®>1^;l/5^— i^^^i-DT 1 7 
Jcffi^) , 1 0 8 (EI9©a2p«i£% 

^I18&1 Steffi^) {Cj;01«fife^nTViS. HlOfC^^ 
•r^Jfi, 6 \dy hWxv^^Jl'M-^ (B i t 5~B i t 
0) izMit^Lxe 4m.0<D7±aifm.J£=^tiit)-r^. 6 
4 |5&i)s©jg^Ki!)S«(cffl e.n^ D A^iftg§©«^i5t& 

0 6CDV4,*^f>V,,CDgl5^ (HI GO 
®ei5B) C9j!£;»c:0T$>-g). ^LT. H 1 0 (C^$n-2)S 

mmR^^mm i o s *3<i;Di.ss?iHii^ i o e cdihis^^«j5£ 

[0 0 0 5] ±faS2p«J£5!:tlllS& 1 0 8\t. fiy9)V 

1 0 6 tt. C:CDa2P«JI®5-^(Dl^SS^bT 
tH:'3-r^t)OT^D, MOS h5>>'X^'{Cj;-2)X-1' 

[0 0 0 6] Ji|S7t^;i/7=— >'>':tPTlHl?&l 0 7«, S 
[0 0 0 7] ±fBa^«m5!^lEl8& 1 0 8 «. It 

[0 0 0 8] — SKiui^i 0 Q^^nTi^)V7—-Jy 

:S-D7lHl8Sl 0 7tt. 1 ■0<DJg^^ft«JE(iJ:^5S^^*fc 

$tl-i)CO-e, SWESSl 0 6i5J;Z>'3j^;i'5=- 

— v'^^DTOg&l 0 7tt. B^crt«C. l-ZXD^htz 



( 3 ) 

.3 

^'tlR. G, BfC^A^n (n=l. 2, -. N) ^# 

Ri , Gi , B| , Rj , Gj , Bj , Rii , 

G, , B, ^©fcse). 3 Ne«jlS?lHlS§ 1 0 6 

So 

[ 0 0 1 0 ] * 2pa;m^^iiii^ 1 0 8 «. 6 4m<DmM 

^OWA^e-tt, 6 4®(3®ttffi (V, ~V.,) j^j^ 
[0 0 1 1] SS^Hll^l 0 6T«. 6 t'-> h©7='>'5';i/ 

m.s.<Do-^a:)i-z>tim^^nxmt}-^n^^o\z. mo 

(D^n^en (b i t o~b i t 5) tcjtxUT. iEx-f 
-y5^/{)^*xr> • :t7$ti. :^n(CctD. xii^ntze 4m. 
DO)m.m<Do-^<Di'Dtmiii-^tixmti-^ti^. &irFiz 

i t 5*^*MSB (most signi f icnatbi t) TfeO, B i 
t Od^LSB (least significnat bit ) Tab-So ±12 

<toT. Bi t 0tCj*bT«3 2i|a©X'f -^z^^^Sf (6 4 30 
©©X-f -^/g^) Tjt^So B i t l{C*fbT«l 6ifirox 
-f >;/5^M (3 2ffl<DX-1'->5^) t^$>^o B i t r 

t\zmWcti^2^(DHZf£r), B i t S-CttliawX-f <;/ 
5^*f (2<@©X'r -y^^) ttji^o bfcji^oT, SS^Hl^ 
10 6tC«, -a-tf-T. 1 + 2 + 2' +2' +2' +2' 
= 6 Sffirox-r (1 2 e^CDX-f dt^ffif 

S. 

[0 0 13] lOCDX'r-y5'*fcO_hBE2®(7)Xf <y5^ 
MSTSB i roj (DL^lZii, m'P. ±®X 

TWX-Y >>^*^5r>^:^cSct^ tC 40 
«jf^-rs, ietc, ^SfSB i rij Ot^tCfi. 

tt, (B i t 5. B i t 4, -, B i t 0) Tjt n 1 1 
1 1 IJ ^TCDX-1'>y^{C*5ViT±©X'f -y^^ 

:^i:t>. T(75X<>y5^7)?:t7t;^j:-DT*f5. SJ^Ifili^ 1 

(Bits. B i t 4, B i t 0) ^* TQ 0 

0 0 0 ij Tfen«, mnmi&i o 6©ai:')^*^e.t±v 
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[0 0 14] :^)l^—iyy^nTm^l 0 7 M*?Ih1 
f^l 0 6*^?,m;'3$nfc7':^Di/«JEE<i:|Sli;«JEE^. J; 

JEE W :'3 SffiT*^ ffi ;'3-r S ©T* -5 . 
[0 0 15] 

ii5imj|iB{t*J:Wf^|Silifl:Jc=koT. 
©^^^^BiJWLTSifinx h®iS«*H-5^:idt?S<a 

m<Dnm7bmmizf3iz>x^x\,^^o 

[0 0 16] ±IEfi!*CDDA|gtftg§l 0 

©[Hl8&$1«fi)cbTViS3g^O|gC*<t(S!t{CltJp-rSo 

6 f-7 l-<05=^->-^;Ki^T6 4|5iPS55$ff 
Ka^a©*^. »2p«ffi^^IB18& 1 0 8 IC 6 4 

m(Dm.in.mTti^!ii'mx$>^o ^Tt, SS?(il8&l O 6S:« 
tSTSX-f >y^7&t. 1 1 2 SfflifJ^T'* 

So l^^ifC, 8 f-y hC05^->*^Jl/m^T-2 5 6 P^DI^S^ 
Srff ^?^^^ll)gMcD«^(C«. SWffi^^lHlSS 1 0 
8 2 5 6fflCDjStn;5g^*^£xST-* 0 , S*?(fill^ 1 0 6 
*«fiR-rSX-f -y^^^tlOOa^tCO^S 1 OfijJJSTT 
$)So -TJ^tt^-fe, 1+2 + 2' +2' +-+2' =25 
5«a©X-f -y^^^fTabSfcJ^S 1 omt^T.^ y^tfji 
S. *7-a5^5:fT3«^{C«, -atiSilD 

(/*. it. ») afeSOT, ±IBcOffitn:*^43<tt/X'f >y 

[0 0 17] c:cDJ;p{C, t;e*S^fftca;S?SSKS!iSB 

xit. mm-r^€!M^<Dmm-rtjit>%0'mmit(Dfts(>izi& 
mr^uj^mmm-r^tz-otix. 't<nm^m^m'^wiif!i 
Mwnzmmr^o sfc. ^m^ismmit-r^iz-Dtix, 
■^(Dm^mtiSim^m^Mizmm'r^o ^otztb. 
mmmm<Dmm.=ixhif>mm\zm±i., *fc. m^mwi 

[0 0 18] if^m\-t. ±M<nmmM.^m'd(i-t^rz>sb\z 

[0 0 19] ^fc, flfi©eM«. SS5«^P&Wt*5j;t>' 



I 



( 4 ) 

" ' , 5 

[0 0 2 0] <• 

mmnmom.mu^)i'(Dmiiz±mmtimE.(Dm.mu^)u 

[0 0 2 1] :i(DDA^mmt. m^iit. m.mm^\z^ 
^^pnzTs.^^\zmf^^^mm.R=&^^\^. Ntf«y h<D 

y'-y^jimmzmi^T.-f -y^^^y • :tyvT±mmm 

«ffitC*-irviT2" mD<Dtiitim.!£^tiitlT^Cii\Z^ 20 
[0 0 2 2] ±i5C9ltfi£(Cj;0, 

2 ■ooymi^Mmzm-^i/^T, eiti 6 2 oo^spiimwm 

JifE2':3©*2pfl:jE®fWtctiS.^>7&^ 
^nxijo, citi^iS3S:®MJE^'^;K0Mn*^io$^ 30 

[0 0 2 3] Iiraj:^!^ ±ISDA^|ftST«. 

To t<Df^m. mmmm^^^^-c^^LTzmm mm 
mu^ji^. mt&-r^mmm&(Dmiz$>'=>f}^Uisbm^-s 40 

[0 0 2 4] ioT, ±iHDA^^g§(CJ:n«, tt):'3« 

^n?>mm».^f3h±mtzm^rzt^^T^^o Lfc*^ 
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[0 0 2 5] ^n^^. ±iBDAg«|^{Cj;n«, -iJS 

[0 0 2 6] *%BJ«DA^mggtt. ±fECD^a<^«f^ 
2p«BE«:2* +1 (A=l. 2, -) jlOWltffiU'^Jl' 

[0 0 2 7] ±fEo«*S(cJ:0, 5^>'^';i'«# 

muiT^fzsbizmm'r^c ^ntcjco, Atf>yi>©a2p 

«ffa^tf>y htcioT2*aiplcJiia2-::>oSifi«ffi 

[0 0 2 8] Z.tHZ^K>. »MJE%^¥g:{CioT2 
* +1 (A=l. 2. -) jlO©«?P«JEE*5£*:^-e-, 
7^->'^;i/m^<^)Af-v h (»2p«iiaJ?k*-;/ h) (Ccko 
Ta2p«ffi^S?#gt>PtLT_hiB2 ^<^a?P«JE^ 2* 

[0 0 2 9] *%0J®DA^^iitt, _hB5(7)^aS^* 
[0 0 3 0] iiaro^figlCctD. $^.{C. 

mmmmitmmu^MzM^^vrzm.s. u^jucd^^k {c» 

[0 0 3 1] *%BJ®DA^j^ggtt, ±fSO«ffl^^j* 
(B=2, 3. •••) f-y hO*^«BESJ?k'-;/ 

±iEte^fiK#g:*^\ ±m2-^(Dmmm.f£<D-yj 

{C^:^LT2' (C=l, 2, B-1) 
-5, 

[0 0 3 2] ±i2(73«^(Cj;0> ^^.JC. T^viJ^^Ufl-^ 



( 5 ) 

" ' ,7 

- 1 

[0 0 3 3] Sfc, «JE^fiK^ia:tt, Jiia2 0©«ip« 

[0 0 3 4] mXii. ^fiX«JESS?h*-;/ h5r2 t*<;/ h t 

UT2{gCDft;5j.f^tt75^Tg^fcSi). SWiEVo . V, 
{c»-:^ViTa*.##¥i^*iS@bT. (V, X3 + 

V4 ) /4=V, , (Vo X2+V, X2) ^4 = 

V, , (Vo +V, X3) /4=V, SipWJIVo 20 

[0 0 3 5] ^:Oj:-5lC. ^^'v^^l/m^WB t'>y h 

tii;'j«JE««EEl/'^;i/*2" iioicJt^eL, m.!£±fS:^ 
^IC J; o T±bE 2 C)<7)S?P«EE(cSo'#a^?^##^j^Sr 

*«-e#-s, 30 

[0 0 3 6] itJT, ±l5DA^«li|l'J:n(^. 

[0 0 3 7] *5!?80DA^^g|«, ±fS®^a*»Pj* 

±8H5fe*K«IEil*?b'-y 1-75^2 t'-y hTab|>c:i:Sr# 40 

[0 0 3 8] ±fH^-:^^;U«#SA+B = Nf-y htr 
-5<h. B*i2-r^^fci6. A = N-2t/cC^o 
^. ±IHDA^^i|«. Nb*-;/ hCD5=^i^^'Jl'«^S:2" 

mo(DT±ai/mmz^m-r?>GA$^^^x$>^x. ± 
©tt, ±iB2o©a:^«jio«m^'^;uora{ci&5d^i; 50 
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i6^^$tifc2' -i = 3fli (imit—jj<7:>mmnf£=s: 

10*±ffixi;iS';i.m#®2 tf«y h\Z^r:>xmiR'r^o 
^LT. ±fE«ffi*fiE#a«. ±ia2OC0S2P«ffi(CS 

±ia2o©a^«ffi«)— :^tc*tLT2^oos^# 

[0 0 3 9] 6 f-y ho^y'i^^ jimmzm^x 

6 4Iig|H®aS^^ff 5jKftrai^B(Cffi:«-rSDA^^ 

S2pmff%^^s*«4Piiis*3g{cta^r-5 1 

7aOCD«JEE (Vo , V, , V. , -. Vs.. v.,) <Sr 

^^L, (V,,..,, tV,. tCDW (a = 0. 

1. 15)) {C. •?-n^*n3 0®fflM«JE^^^iKb 

[0 0 4 0] J;oT. ±EDA^ifeg{CJ;n«, W:^* 
[0 0 4 1] *f!?B©DA^mgg«. ±fa®SISS-»j* 

t&tximf-^K^^izmmv. :iti'h<Dm.tnm'f-(Dm(Dmm. 

& JifB»2SS«JEEe^^$-a--5Jg:ta^J-iBil8ST^-g> C 
iit:^miil^X^^^, 

[0 0 4 2] ±m(DmmzjzK), ^etc, swe^^ 
2'm<Dmim^^mm\zmf^vx, 2* +1 (a= 

1, 2, •••) ffiOcoS^m^S^Sit. T^v'iS'jl.m^ 

oAf-yh (a2p«ffia#?b*-y h) izji-oxmrnmRM 
^^mzMLx±m2-^o:>&mmf±=^2' soicm^r 

[0 0 4 3] vfzA^^x. m.tfim'?-<Dis.tnm^^mizm 

fSLt-r^Ctii^X^^, 

[0 0 4 4] ^tc. ^^mo:)m^mW]muit. ±12©^ 
mmi^Lxi'^^o 

[0 0 4 5] ±reo«fi5ticcko, ±mDAmm^^mm 
itiij:zfMmm<t^m-DX%. m^mmm^o^wcomm 
±^119^.^ tthiz. /i^mift^ z. td^'Bjtgfcfi^o 

[0 0 4 6] ±IHDA^j^g§<£?K^H[i)]gBlCig 
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[0 0 4 7] j;-pt. m^mmmm(D'p-x^hJsi^mm<D 

■S^lt*^^^. 10 
[0 0 4 8] 

•5, 

[0 0 4 9] *||]te<73JgffiiC^^DA^J^gg 1 0 
1, 09) It. MOS h^>z^7.i^mi$.o:>:t^7>y^ 

^«). 

[0 0 5 0] 0 5;O^^>E19*#BiL;^j:/i^*e,. ±fe 20 

DASglggl 0^{iAfc?g^^^SH®«fi£, -^©^S^ 

[0 0 5 1] 0 5(c. T^^^-^" >^-7 hui^x::^!?:®!^^ 
g2 ocD:/n-;/i7«fi)?^^-r. 

[0 0 5 2] i©Ms«*s«2 o«, ^as^gpi, 
[0 0 5 3] c©jgfti^»iBii^«. ^n^ni c 

(integrated circuit) /5i^>;^.5y— X K^^/N*2 2* 
^Z/^r-h h'^-f/N*2 3 i:. zi>hD-724i, JgS 
IB«l«jlS2 5 t$:<»;^TliS, =l>hD — ^2 4«, V 

-XF5-r/\'2 2 tc^S^x-4'D*5J:Ui:©JPm-^S 

Xf]r^ht.^\Z. y-h F^-f A-2 3tC*iJW«^S 2 
<&A;'3r-&o ^:niCj;Ov 3>hP-7 2 4«, h 40 
^^-^2 3{cSiSI^»im^*X:^-r-5<l:it>tc. V- 
X h*7-f/N'2 2*3j;acy-h K7-f A-2 3tC*¥l^»im 

[0 0 5 4] 9\-W>t^<bX:h-^ntzm^'f-^\t, n>h 
D — 7 2 4S-jlLT5^v'^';i/m-^Ty— X ^5-^2 2 

2 2«. A;^/$nfc«7Px-^'^&B$^iij-ei^S5(x^-y5^ 

^O^. :3>Fd-5 2 4:«5^e,A:^$n-5)Ji|E>!K¥ 
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^«BE) s:, m^mmn.s.m-h^'^ I it (bi9. s 

Ti^?.. y-X«^5-f'>3 4 (0 6. ^ai) ^:f>L 
[0 0 5 5] B 6 tC. iiaJKS/I^JU 2 1 

T. ?g?a/'?:?i;p2 itctt. ism«ffi3 1, mm^m^ 

2. iij3^'\CD«EETOn?£r:t> • :t7-r-5^^t bTCDT 
FT 3 3. y-X«^7'f>3 4, y-F«^5-r>3 
5. *Hfi]«fll2 6:i5iiS:tte.nTti-5. 75::^. 

Att 1 **-r. 

[0 0 5 6] y-xm-^^-03 4ICtt. y-XF^-l" 

>'\'2 2 (05) *>e>. a^?sf^«jii?gwi«-&${cjEi;fc 

y-F F^'t'/N*2 3 (05) 06{C*5ViT«a! 
:^[6](cM^;^cTFT 3 3*^*JI|Hik:^>f'i>ck5{C^*«-^ 
-0^*4-;te.n^o ^LT. :^>t^ffi®TFT3 3$raL 
T, KTFT3 30HK>{C^iK;^n/tiifm«ei3 1 
(cy-xm-^^-r>3 4©«iI;«^'EPj!jP$tl. *f[6]lt@2 
6 iOD|IBWiii^#»3 2 {c^»$n^;i<i:tCJ;oT. ?g 

[0 0 5 7] dCIl?, 0 7 43J:aC0 8(t, ifES^S/l^ 
;i'2 1 (DflK^IBgji^J^CD^JS^^To 074oJ;t>'08lc 
y— X F^-r A*2 2 ©^iiifejgp 2 2 a, p2 2 
b. y- F F^-r A2 3(Dffii!)iKJ^p 2 3 a, p23 
b. M|Sl«ffi2 6®^{ap 2 6 a, p26b. M^^SI 
3 1 CD^JE&Bp 3 1 a, p 3 1 b^^tl-^-'ns^LT^ 
-So *a«iPI-fcTOn$n-S«jEE«, Hm«®3 1 

i*f[^«S2 6 t®«{illT$.D. M04'fc«#4i^-r^ 

[0 0 5 8] «^Jx.«, 0 7T-«. -y- F F^'r/\*2 3(7) 
^ftaSjgp 2 3 a(CJ:0. H 1 g h U^;K7)t^TFT 
3 3*t3f->L, y-X F7-f A*2 2«Ki!ljS[J^p 2 2 a 
t.mmM2 6©«fep 2 6a i:OM*ijam«ffi3 1 \Z 
EPJp^n^o dcD^-i:, y-F F^-1'A*2 3®Kftig^ 
p 2 3 a«L owl/'^JPtTJtO, TFT3 3tt*7*^^ 
CKOt^. H5g^fi3 2*tabSfc 

WJlSJ^p 3 1 a©J;^tC_hie©«ffi75t«t}t;^n 
^fc, 0 8tt. 07®«^i:Jt^TJ«SWip4'\CDEP 

[0 0 5 9] Z.(D^o\Z, ±i2JKS^5^^B2 0T«. 

?^aA:t^ji^2 1 ®M^**i|si-{cEnj[ja-r^«jE^7'^ni7'« 

£E i b T^ft:$ -13:^:1 tic J; 0, iS^O^Si^^^T^ 

T. ^immtmmmt. m^mA\z^im-^n^7^u 

[0 0 6 0] 0 9iC. JnlEy-X F^'f/N*2 2«yD-y 
i7 0©-«aj€:5^-r. A;/3$nfc5^v^';!/«^©^^7'- 
^tt. R (5^) . G (ab) . B (W) ^:tO«^7^-iS' 
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DR, DG, DBtU-DXiiO. Cl®«S^5r— ^tt. — 

bT, mnmm (da (7^i;^;u-T:^-nif) 

iSS) 1 6^jte,n. ±ia*2pfl;EE^^lHlS& 1 8 

[0 0 6 1] ClJl-r, JtfEOS*?lHl8& 1 6, 

SB2 0(C*3liTtt, ClWDA^Jfe^l 0^ffll.iT±ia 

iJ'DR, DG, DB) <&DA^J^^1 

[0 0 6 2] JJAT. g|l*^?.H4^#Bgbfj:75«&. ±15 
[0 0 6 3] m-r. BIl^fflViT, S*5Iilg& 

16. ^jiy'r-i^y^arm^ (mti^&) 17, 30 

[0 0 6 4] ^1 (CS^bfcJiiBDA^^ggl on. 6fcf 
h (n^^^—'5>is^ 6 4 pglB^S^fCigJSifS: 6 4 jl 0 ® 

^tt, B i t SdtMSBTSbO. B 1 t O^tLSBTSb 

[0 0 6 5] la 1 {C^-r<J;ptC, ±f5DA^^f§l OtC 

S^«JE%^I51i^ 1 8 (i. 1 6<ffl®Stn:*^75^*ia^JlC» 
£E©«;:*Cffl (V.,) ii'^. S'J®>ffi^ (C«ft/jN{|i (V„ ) C» 
1 7j10cD||JE (V„ , V, . v. , -, V.o, V.J 
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UTtt. 4|5giH*3^©ttffitCffi^-r-5fe©Tfe-l>. 
[0 0 6 6] O^JC. il*?(51^1 6<DIp16&«b£*3J:0:A 

[0 0 6 7] 0 1 iC^-Tct-StC. ilBDA^t^ggl OIC 
3 0«)m:'3SrJ$:3g*?lHli^l 6j(»i^tt^nTVi-5., 

c:®S*?iagsi 6tt, 6 f-y hTi^e.Jis^^T'-rJ' 

5!^leliiSl 8*^?,A:'3$n/!: 1 7ao«>«E<7)>f *^?>. 
1 Ofc L < H2 00«JEiSraS?LTIli:'j-r-5 fccOT^ 
dOS^mKl 6tt, ^J;i«MO.S h7>-:^XiS'-^ 

-^(C«cf#, 2OCDA:'3«#0-*SrSS5bTffi;/3-r 

[0 0 6 8] ±fBaS?ll8& 1 6 tt, a5^5='-^5' 

COB i t 5~2 (.W^msmWdv h) {CSC^V^T. « 

a*?lHli^l6a (S^«J£ig#?^a) (SW (5) ~S 
W (2) ) *5^x-^<7)B i t 1, 0 (^fiXmiES 

h) (cao't^T. kxmwm£.mmmi\ 6 aT 

16b (SW (1) , SW (0) ) hL^ 

[0 0 6 9] 01T«, ^X-f -^/g^^SfSrSW (x. y) 

$-S^-rt)©TfeD, :&*^e.JlHtC. 0, 1, 2, 5© 
J:otc#$n. Bi t ©S^fC— S-rs. ytta 

*o«K®ea*s^-rt)©T*o, Td^e.ii{c, i. 2, 

TiBiJ«X-f >v^tCDS:^n-€-*tlftbTKgiJ-r^^:t 
tf^. 0tJ;^«. -^ii^^Am^. T*^e,2iascDX-r'y 
^*ftt. SW (3, 2) CDj;-5(C^|S$n-g)o ^ 
«)X-f -y^^^tCD^-ScDiffliJCDX-f -v5^«SW (3, 2) 
UtSflasn. Tffl'JOX'f >yg^«SW (3, 2) DtS 

[0 0 7 0] ^/O^e.m^fiaoox'f >y5^*f^ii!gi5^ 
LT, 2og©^^tr#$-r{caia-r^:^<i:<t-r^. ^^j 

**^^4^@SOX-f >y5^*ftt, SW (3, 1) , 
SW (3, 2) , SW (3, 3) Tfe-57&^. Ctl?)tt, 

SW (3) ®j:3{ri^.«^$n-5o ^fc. **^^.B?^ias 

W (3, 1) U, SW (3, 2) U, SW (3, 3) U 

Ta&-5d^\ cine.tt. SW (3) ucDj;^(ciit$j^sn 

[0 0 7 1] #tf-;/ h{C*5tt-&X-f y5^©ga«M^{CO 



( 8 ) 

13 

[0 0 7 2] 6}iy hCDm^y'—^CDo^. B i t 5 
(MSB) {Cj:0«lf^-r^X-f *y^*f«. 9ja, TtSitD 
t>SW (5, 1) -SW (5, 9) 'f)^^U'DT^D. ^ 

[0073] SW (5. 1) D(D—mz{tV, tl^. SW 

(5. 1) u<D—mz{ty,2f)^x^^nxi^^^. sfc. 

Z.<DSW (5, 1) DtDi:I/SW (5, 1) U<Dm(D— 

m^\zmm.^nxi^mt^^Lu^x\^^^o sw 

(5, 2) DO— ^ffiJCttV4 SW (5, 2) UcD— 10 
mzltV^.-fy^Xfl-^nXl^^^o ^fc, ilOSW (5, 
2) D^<j:Z>^SW (5. 2) UOffecO— iffiti. Si^^tcS 

m^nx^mt^'f'^r^'ox^^^^o j^t. iwutt::. sw 

(5, n) D(D— ifflJc:tiV4(„-n5^^. SW (5, n) U 
SW (5, n) D^<^XfSW (5, n) UCOffe(D— iffl 

= 1. 2. 9Tfe^o 

[0 0 7 4] cn^.c7)X-r ^;/5^MSW (5) ^SiSftLT 
43 0, B i t 5;0^* roj (^B^lCti, T^JOX-f ^y^^Tfe 20 
^SW (5) D;0^*#il (ON) L> mz. ±m(D7.^ y 
^TS^SW (5) U*^*#^#jl (OFF) t^Si^o — 

B i t 5;0^* ri J (DmiZl:^. Tm(DX^ y^X^^ 
SW (5) D;0^'#^#il (OFF) hUD. m^Z. ±#J(^ 

7.-f y^x$>^sw (5) uA^'^ii (ON) -r^o 

[0 0 7 5] B i t 4{CJ:0»f^T^X-f 

*fti, 5;^. -r?^J:t)^SW (4, 1) ~SW (4, 5) 

f)^^t^'::>xidD. ±mmm. ^n'en\t2m<DX'< y^ 

[0 0 7 6] SW (4, 1) DO— iffiJCJiSW (5, 30 

1) o)^m^l':^m^^'^n. sw (4, d uo-i^jc 
tisw (5. 5) (D^mi^'f-^mm^nxi^^^o ^tc. 

:Z<DSW (4, 1) Dt5j:D^SW (4. 1) UOffiO— 

^ij, m^izmm^tix^m^^tr^'oxi^^^o sit. 

mWz. SW (4, m) D(D—^\Z\tSW (5, m) C7) 

^mtQi^^mm^n. sw (4, m) uo— i^jcitisw 
(5, m+4) <D^m^'i^f)mm-^nx\^^^o c: 

OSW (4, m) D43J:^'SW (4, m) VCOmco—^ 

K\^^\zmm^nx^m^'¥'hU'ox\^^^o t^^. m 

= 1, 2, 5Tfe^o 40 
[0 0 7 7] ZLtli^CDX^ y'^MSW (4) \imWiVX 
B i t 4:^^ roj OB^lC^S, T^H'JOX-f >y 
^SW (4) D:^mm (ON) L; i^tC. ±mC07.'iy 
^Tfe^SW (4) U70^*##il (OFF) <h;5:'l)o — 
yj. B i t 47&W1J CDB*fC«, T#JCOX-r ^y^TS)^ 

SW (4) D7j^^*##ii (OFF) tuo. mz. ±m(D 

Ts-f y^X$>^SW (4) U7!>^*#il (ON) "T^o 
[0 0 7 8] ^^IZ. B i t 3{Cj;01!jf^-r^X-r 
*f^i. SiSa. T?a:*:>^SW (3. l) -SW (3, 3) 
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U:feJ:l/DT^^^nTVi^o 
[0 0 7 9] SW (3, 1) DO— fflS(CtiSW (4, 

1) (D^m^'F^mm^n. sw (3, d uo-«8j- 

tj:SW (4, 3) (D^mt^^^mm^tlXl^^^o ^fc,. 
Z.(DSW (3, 1) Dt3ckt>'SW (3. 1) UOffeO— 

l^jf^td. SW (3. k) DOy—mz^itSW (4, k) <D 
*ilS^7>^'S^^n. SW (3, k) UO— )ffl{CtSSW 
(4. k + 2) O*il)ffl^;0^gEj^$nTVi^o ^fc. Z, 
OSW (3. k) D*5j:tKSW (3, k) UOffeCD— ^ 

= 1, 2, 3T*^o 
[0 0 8 0] Z.n^(DX-f y'^MSW (3) tiiggiLT 
B i t 37^^ roj <Dm\Z\t. TmOTs^ y^X$> 
^SW (3) D-^mm (ON) i^LfC, ±ffl!jOX-f-/ 
^X$>^SW (3) U}0^^^#il (OFF) ^:/^.i:^o — 

yj. B i t 3/0^* rij co0#{c(s, T#Jox-r ^y^T^ab^ 

SW (3) D;&^*#ffi (OFF) hUr)^ m\Z. ±#JO 

7.^ y'^X&^SW (3) U;^^*#ffi (ON) "T^o 

[0 0 8 1] B i t 2 IZ^r^m^^^X^ y^ 

^\^. 2m.. 'rUt)^SW (2, 1) , SW (2, 2) 

U43J:r>'DT^1t^$nTl^^o 
[0 0 8 2] SW (2, 1) DO— iffltCtSSW (3, 

1) (Dikmt&i^^mm^n. sw (2, d uo-sst:! 

«SW (3, 2) 0^^il^^;&^»jgg$nTt>^o Sfc. 

eiOSW (2, 1) Dt5j:O^SW (2, 1) UOMO— 

t^\t. K\^^\zmm'^nx^m^f'tf^'::>x\^^^o 

[0 0 8 3] Sfe. SW (2. 2) DO— ^{CtiSW 
(3, 2) 0*iiiffi^:^^gE«^$n, SW (2. 2) UO 
-mz\tSW (3, 3) 0*iliffi^;^>*»^^nTl/^^o 
Sfc> ^OSW (2, 2) D:fectU^SW (2, 2) UO 

[0 0 8 4] m^^^rHii. SW (2, j) DO— iffltC 
tiSW (3, j ) 0*ffliffi^;!^^*j^M$n, SW (2, 
j) V(D-miZitSW (3, j +1) O^ffl)ffi^;0^*g^ 
^nXV^^o ^OSW (2, j) Did^USW 

(2, j) UOffiO-i^ti, SV^icSM^tlT^tii^?^ 
tt^-:>X^^^o U:^. j=l, 2T^^o 

[0 0 8 5] cn^OX-f ^y^^WSW (2) tiigftLT 
*5f9> B i t 2:0^ roj <Dm^Z\t. T^lO^T.-^ y^X$> 
^SW (2) D^mm (ON) j^fC, ±tJOX-<-/ 
^X$>^SW (2) U:^^*^^#il (OFF) .hfcC^o — 

B i t 27^W1J (DmiZJit. Tm(D7.^ y9-X$>^ 
SW (2) DA^mmm (OFF) iStC. ±#JO 

7.^ y^X$>^SW (2) U^'^il (ON) f^o 

[0 0 8 6] 'D^i.Z. B i t 1 {CcfcOSif^-r^X-f 
Mitt. im. tUtD^SW (1, 1) ^^^U^X:i^O. 

±mmm. 2m(Dx-f y^vid^zj^Dxmjs,^nx\^^ 



.15 

[0 0 8 7] SW (1, 1) DCD— StC«SW (2, 

1) (D^m.M'f-timm.^n. sw (i, d uo-miz 
«sw (2. 2) (o^mm'Ftimf^^nxi^^^, ^ft. 

Z:(DSW (1, 1) DHJ^TfSW (1, 1) U®ft&CD— 

[0 0 8 8] ^(7)X-r-7^*fSW (1, 1) ttSidLT 
tJO. B i t 1/0^* roj ©B#iC«, TffliJcDX-1* "^^T* 
*SW (1. 1) Df)mm (ON) i^t, ±ffllJCDX 
'f->5"Ta&SSW (1, 1) U*t|^»il (OFF) 

— B i t 1*^ rij OB#tC«. TMcDX-^-y^ 
T*-5SW (1, 1) D*^|^#jl (OFF) i;ScO, j£ 
tC. ±m<DX-( y'^-V&^SW (1. 1) Uj&i^ffl (O 
N) fS. 

[0 0 8 9] B i t 0 (LSB) {CotOttf^t- 

^X-f>;/^*ftt. li|a-r7S:t>-^SW (0, 1) ^^ibtl.-:} 

[0 0 9 0] SW (0, 1) D®— ^tCHSW (2, 
1) 0*ai^^^*^'gli^^tl. SW (0, 1) U(D—t^\Z 
«SW (2> 2) <0*a«^^*iS«E;SnTViS. 

c:a)sw (0, 1) Dioj^rssw (o, i) uwM«— 

[0 0 9 1] ;i«X-r>y5'*tSW (0, 1) ttagjLT 
*5D. B i t 1 roj ©Bttctt, TfiiJ^X-T -y ^^Tab 
SSW (0, 1) D;^^'#ja (ON) U. j^ic, ±{|iJ©X 
-Y^y^^-^fe^SW (0, 1) U*«*#il (OFF) ifcC 
-So — B i t 1*^* rij (Dm\z\t, T#Jc^X-r-y5^ 
T*-&SW (0. 1) Dtim^m (OFF) <t;iO. jj* 
fC. ±m<OX^ ^y^-C$>:S)SW (0, 1) U;0^#ji (O 

N) -r^. 

[0 0 9 2] Sfc, ±IBSW (2, 1) 

(V,,, V,., V,.) (Dm. V,.. 
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±ia©J;5(CSW (1, 1) D*3j;tXSW (0, 1) D 

1 7 (DXf}m=^ I N, ICfeSggSnXViS. 
[0 0 9 3] 04 tt, JiEilS^lili^ 1 6 (Dft^t 

aS^IilKl 6®ttl:^ (IN, , IN, . IN, tCA 

[0 0 9 4] H4iC*$n-5J;'5!C. 1 6CDW 

(IN,. IN,. IN,) ^(OXfjmii. (V I N, . 
V I N, , V I N, ) ^5^x-^'CDTfe2 f-y h 
(B i t 1. B i t 0) (^fiX«/IS*?t*-y h) \Z^-z> 

yU2}dyVtfi (0, 0) ®I^(C«A:'J3S^ ( I N, . 
IN, , IN, ) 'vH (V,., V,., V,.) (0, 
1) ©BttCtt (V^., V,(.,,,. V,.) 75^ (1, 0) 
<Dm\Z\t (V4., V,.. ,.,,,) 3&i, (1. 1) <Dn 

\z\t {V,., V,,..,,, V,,.,,,) ti^xfi^n^. Z.Z. 

20 T. a«^^x-5'®±'(a:4 t'-y h (B i t 5~B i t 

«aj-ett, a=0, 1. 15®fll*iS. 
[0 0 9 5] -p-i^t/iT. v7:i-P7lHlS&l 7 

[0 0 9 6] CICDjJ^JI/'t-— v7:tP7lHl!iSl 7tt. gl4 
fc^LfcJ:-?!::. 3oA:^SS^ ( I N, . I N, , IN 

, ) ^roA;'3«ffi (V I N, , V I N, . V I N, ) f}^ 

30 [0 0 9 7] V.., = (V I N, +VIN, +V I N, 
x2) /4i^:T\ ±fa«j:^tc. A^^Sffi^IN, 's© 

[0 0 9 8] <fcoT> v'^^DTIllB&l 7©A 

tia:^M««JilT®i:43 0TafeS. 1rfS.f:>%. Xiimz 
(V I N, , V I N, , V I N, ) ti. 



= V,. - (1) 

V,<.,,,. V,.) (Dm. V,., = [V,. X 3+V,,...,] /4 

- (2) 

(V^.. V,., V,,.,,,) (Dm. V... = [V,.X2+V,(.,,, X2] /4 

- (3) 

(V,.. V,,..,,. V,,..,,) (Dm. V... = [V4. +V,,.,,, X 3] /4 

... (4) 

tH;'3«JEi:LTtH:'3$n^:: fife. A:*! (V I N, , V I N, , V I n, 

(V,,..,,, V,,..,,. V,,..,,) (Dm. V.., =V,<..,> - (5) 



) 7!)i. 



[0 0 9 9] crut. ^^^^-i^XDmmn&M^i^-y h 

(cso'viT, &mm.&^^mi^ is (01) ^^^T^m 



50 



SSl7tt, a = Oh-r^t. V, (iC (1) (cffiS) h 
V, (it (5) (CfflS) <i:©Pfl^4 5^SiJ-r-5«ffitL 
T. 3 0®«ffiV, . V, . V, (^ (2) , (3) . 

(4) izmm) ^UT, J}?;i/7^->'7* 

nTHI^l 7«. ^fiR«ffia*?lfllK 1 6 b*^eA:'3«ffi 
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18 



(V I N, , -v I N, . V I N, ) tLxma^^tifcm 

[0 10 0] cicTDct^tc, ±m^-Ji^'r-i^y:ta7\B\^ 
1 7t3:> &mmmv,,f}^ihVo <Dm^z&^i egra (v 

tV,, chcDffl (a = 0, 1, 15) ) ^ 

Vo <DWcDffita^^SiJ(CcfcO!t^Lfel 7(7)«EEU'^;i/7&^ 10 

hO^^^-^ (4 t:^;; V (Dm^n^WSi^i V 

[0 10 1] ddT. ±fa<7)J:'5;^^ttl:^«ffiVo.. ^t±i 
[0 10 2] EI2{c^T<:fc3{c. ±f25l^;i/5"-v:7:^n 

TIlIl^l7ATti> IN, (2 0*ffi) , I , I N 20 

. fi#^[^ffiA:^^^T*'&o / IN. (2'::»^t 
il) . /I N, , / I N, ti«->?ri^fflA;'7ia^T*DS 

I ^ $ nx ^c /ci: o T i ^ ^ o 

[0103] h^>vX^N l—NSti. Nl(hN2. 
N3<hN4, N5^N6. N 7 8 :*^'^>^^ltl>fc^^J^ 

[0104] h^>>?X5^N9-'N 1 2ti. #>?f(D||ft 

iffi^ Ixiit^^ (DXtimj^V I n f J: 0 § h ^ >>^X 
^N9-N1 2 JC*jlco«iSt/0^*Sitn'5C<h{C7ii:'5o 
[0105] h^>>^Xi$^Nl, N3, N5, N 7 CD H 

[y-f>\tm^\zmm^n. tiu>h^^-^^^mfSLi^ 

(h^jgg^nTli'So — h^>>^X^N2, N4, N 

6, N8oHi/-f >ti5:vitc»jt$n> mmtfu>h^ 

LT. h^/v^X^'P l^ctO^P 2ti. y-X7!;^*«i(g{C 40 
[0 10 6] liitl1^'¥'OVT^m»^tlX:^D. ^Itl^i 

P5^-^>^-;i/MOS h^>vx^p 3 ch. c:n(ci!jf^« 
s h^>>^x5^N 1 3 txmf^^nxi^^^o 

[0 10 7] h^>>^X^P 3CDHl/-r >tiH^>>?X 
^N 1 3 $:^M.T}ti46$n. P 3 c7)y-Xti«j!I{c}|^Jj^ 
^tlTl^^-So h^>>^X^$7N2, N4, N6, N 

8 (Dif — h t h y >i^Xi$^ P 3 (D \^ > tjttm^izm 



3(7)^— hfri. 5fei!li(7)h^>vX5^P ICDKlx'-f >tgE 
h^>>?X^N9'-'N 1 2<^y- ht^ilTSSo 

[0 10 8] cicx. ^nt/(tm.tLxmi^T^N^^^^ 

;i/MOS b^>vX^N9--'N 1 3cD^^S:«tn'S«8!t 

^•^'^^ji/Mos h^>>^xi^N i-Nso^ttuflaa-p 

[0 10 9] ±fah^>>^X^N 1, N2, N9 

\Z^^mmMt±mh^>z^Xi^N3, N4. NIO^C 
<t^M«j*tco#^(^|^taA:^^^*^*#^il^j:A:^S^ I N 

1 izmm.'^n^^tiz^D. xii^^iN, izxti^n 
^^mm& (xfim&v i n, > tiA;^^^^ i n^ *3 j: 

O^A^^S^INs {cA;^;$n-5a2pfl:ffi (A:^«J£VI 
N2 *5ckI>'A::^«EEV I N, ) (C*f LT 2 m^S^^^^tt 

[0 110] z.z..x\ W}i^(DWim^^^i.z't^rc^iz. 

^>vX^P343j:DCNl 3) D8lb;rct^ffiico(.i 

[0 111] A;^S3^ IN, (2tP*ffl) J::tlA:^«/£ 
VIN, *tA:^$n. —yj. A:^SS^/IN, (2-3>#^ 
il) {cH*il«ffiVd7!?^*A:^$nTi/i'5ch-r'i)<h, N^^- 
'\'^^;i/MOS h^>vX:^N 1 (N3^)|WIU:) (Z)Fl/-r 

oHw>assi. (i4 ^mc) ;*:xCT«*5$n 

[0112] i, = i, = (1/2) +gm (Vd-V 
I N. ) = ( 1/2) +gm • Av a 

=i4 = (1/2) -gm (Vd-VIN, ) = 

(1/2) - gm • A V a 
Z.Z.X\ Ava=Vd-VINi 

n, —yj. A^?^^/iN, izu^mn&Yd^^xti'^ 

nxi^^h^^t. N^-v^-^l^MOS h^>i/X^N 5 

[0113] is = (1/2) +gm (Vd-VI 
N2 ) = (1/2) +gm • A V b 
ifi = (1/2) -gm (Vd-VINj ) = (1/ 
2) -gm • Av b 

Z.ZX\ Avb=Vd-VIN2 

mmiZ. Xtli^l^lN, (-^iA;b«£EV I N3 ^^Xil^ 

n. -yj. x^n^T-yiN, izitt^mmf^vd^^xti^ 

tlXl^^tT^t. N5^i'^;i/MOS h^>>^X5^N 7 
K I/-f >«at i 7 > ^J:?>*N8coKlx^>^8K i 

8 'AT^x^t^-^n^o 

[0114] It = (1/2) +gm (Vd-VI 
N, ) = (1/2) +gm- Ave 
'U = (1/2) ~gm (Vd-VIN, ) = (1/ 
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2) — gm 'Ave 
dClT, Avc=Vd-VIN, 

ILi = ii + i3 +15 + i» 

= 2 I+gm (A V a + A V a +A V b + A V c ) 
ILi = ij + i4 + i« +18 

= 2 1— gm (Ava + Ava + Avb+Avc) 



[0 115] 



(A) 



(B) 



-hEOSC (A) , (B) I L, *dJ;D^IL, 

4oro|li!l*fCD#>«r®Ml!)*Si|BOi|g||S:a«Lfci|S*-f 10 

^«fi£LTV^-SCl<i:*^6, ;i®lti|'l[ilif&;&^*jl^»lii|ii» 

(Vd-VINi) + (Vd-VIN,) 
+ (Vd-VIN,) + (Vd-VIN,) =0 



8il I L, <!: I L, it^LKU^o 
[0 116] J;oT. ±IEOS; (A) . (B) {C*3li 

IL, = I L, t*5<t. :;^?S;7&i»sn-5. 

[0 1 1 7] A V a+Av a+Avb+Av c = 0 



[0 118] il«©:t'<T>:/ll8&©^-7v 

[0 119] <i:oT, ±IBOiC (C) 
Vd= (V I N, X2+VIN2 +VIN, ) /4 

[0 12 0] :i(D^i,t. ^mit^tiftmmxf]m'¥-(DX 

V.„, = (V I N, X 2 +V I N, 
(D) 3t3©|^fflA:^^^ I N, . IN, . 

IN, (DXfj9.S.0)l-::>iZ2m<Dm^nn^ff-oX. 3 
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